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ABSTRACT

Objectives: The purpose of this study is to confirm whether there is a factor to affect the evaluation of fit test
of a 2nd class half masks using a OPC test method.

Methods: Total 34 adults including Males and Females were tested using OPC-based fit testing equipment
while wearing a 2nd class half filtered mask.

Results: 1. The result of measuring face dimensions using different tools such as a 3D scanner and digital
calipers revealed that the variation of lip width was not statistically significant because there was only a
difference of about 4 mm. However, it showed that a difference in face length was statistically significant
enough with 10 mm(p<0.000).

2. The fit factor for each exercise stage according to gender was the highest at 124.54(p{0.001) in Step 3,
and the fit factor was the lowest at 73.75 in Step 1.

3. In the evaluation of the degree of fit factor according to gender, female passed 67.44%, which was higher
than the value in male(p{0.038).

4. The acceptance rate of the group having a face length of shorter than 110 mm was 91.67%. On the other
hand, the acceptance rate of the group with a face length of longer than 110 mn was 47.27%(p<0.000).

5. The fit test was possible because the fit factor with 2nd class half masks corresponding to FFP1(Filtering
Face Piece 1) was passed 55% or more.

Conclusions: The test results showed that using a 2nd class half filtered mask, it is important to wear a
properly designed mask so that face size does not affect the fit factor.
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20204 2ol 2197} FHE7] AlFshEAFE
A AAHeR SEESFO BAol J7HEI ok
(Park et al., 2021). HF-UEAT Y NOSHRAT XY QF
HE7E dFoly TR HY gE Hots Uiy
SEHS e ofy, W2k Hrrt ot Ao of
SIS QM Tl HSH Ao Afo] F0]eF
UA Aget upAT Afo|= Meal gHlE ZgHFo]
ZQsltt. SRS AF - AR 2 FE]o] W A
FKOSHA, 2020)004= WAutAT DT HARS]
AFH o= FU|F dojEE SAHS Hist
Act.

HT AAHFit teshe SETES7F 28Rt A
2o g3t oz WaEE=R] FRlsh] gt HARRA]
(KOSHA, 2020), ¥2Hd5< H7] 9o He AAt
Al 1,28 WAYEE HlEA] ozkggo] 99.5%%A &
FYRgEEHZ  wAFoF gk 1,27 ukAI(KFY4,
KF80)9] 7%, HE]9 ofztggo] Wr] g&o] At
St BFo2E ‘Jlo] RAE AV T 4 gloy, B
7t 71 & He 0.1~0.4 me YFE EAT 5
U= AHE giohd AE 1FHEAE] KFo4)ut
230 figt AAbe W At g 5 AT
(OSHRI, 2017), 2& ®AutAdEs Sig=A] Ye=rt.
I ARAQPHE QIS U(Occupational Safety &
Health Certification Institute, OSHCI)oA] A|535
£+ SEvE AR o3y wpAT QPHQIT dS
(2009~2022)2 AwHE™ 13 26570, EF 477, 2
F 335702 29 WRIntAIrt 7P Eol QIS Wil
AL H(OSHCI, 2022), F=FHE A% (Health and
Safety Executive, HSE)IJA= =24 25 WHotAT
o algsk= FFP1(filtering face piece 1)9] WAx
Aol tigt &AS(fit factor, FF)E 100 oFo=
Aty QQOEE(HSE, 2019), 28 W ukazo]
gt WaE HAe 3 & HaeAgde oty Az
=t

mEka B AFoAE gEozs o] 248 4
AATE 15 vkA3 0] WSS H71E 5 e U2
T J7HPES 28 WutAaTo] H8ste] WAL g
TAES Ao 2H L Wyt 7Hs9hA] ERls)

ALk,

]
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1. Gt CHXH A

2 A w194 ool AA At 4]l e
BEATIES AABIAL, |4 237, 99442 117
T 348E WeE dFE IS 2= dAt
A AERAIA HH(LFE o) AF BH F =&
&, A4l B V1S, AY, Aoy ) ¥ Ag
A

A, A of BEY Ee 55 LIY = AE
A, W2 5ol WAt Ho| 9l A9 HARIA At
Atk E3L, Eelo] AR £4 ki maAY
T AAkE Aesh=d] qbdst
F AN Asiant. A+
ARl Aol A, FAM, AAR EAE
Aget=s i, Aedicha APETA 2 es]e
A9J(KWNUIRB-2021-05-008-002)F %3kt

2. G4 i
1) A& H= X+ 5

gxg ZAE|5(SHAHE, Wenzhou Sanhe Measuring
Instrument, China)2} 3D AWH(EVA, Artec)S 0]
&oto] ALY dE2A4E SF5IoH Lee &
Yang.(2002)9] dAolA 43 d&8](lip length)
o} d= Zo|(Face length)E &35ttt d=oll= ot
e S ZJAET}F AT =77 |eREDoNA 5
Pt =2l AASHRAF AFRY(Size Korea)oll &Jsf
land marksE U& HHY 7| FF Lok A Aol
o] +EAYE AAsIL, d= 44 dol= IF
HollA HE-7MAY AZE S45HATHSize Korea
Center, 2021).

2) A ALESH OpAT

YL Gl AR vrAT= HY 295 ¥ E o3t
A ukAF(Clean Top 203, Evergreen, Korea)ZH
0.04 m~1 m(FFLZL F 0.6 m) Y] Exlo digt
ZHF/E0] 80.0% oldolal FAE 25% oI5| d57I
£ &=35t0] 27HE3R1IEHA(Korea Certification
Mark, KC Mark)& W& mpAFo|th npAT S HAS
o A4 Al2Zol= 150 molx, 7t s AHA] FH Y
W sealZHE Q] MZZol+= 110 mme|cHFigure 1).
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Figure 1. Length of the mask

3) YAt ZAL 7|7

YR HAR= MT-05U(Sibata Scientific Technologies
Ltd., Nakane Soka-City, Saitama, Japan) 4|5 At
&5kl MT-05U AH|= 717] Wiol slE7t Was
o] qlo] &o| AAHE AXI A9 YRS FAEE Al
4= W& (optical particle counting, OPC)2.2 &35}
= M2 gdE ZHEE0] 99% ol o= “99+

mode”, 99% BT o= “95 mode™& A olEE
Eo] ot wEbA 2 AtoflA = ARAPE HAS=E 95

mode”& 41‘536}04 PAA717F0.5 m oV YAE Al
g 5 UA=E AAE 24 AAE APsHI

4) ZA &t

WA HAF e oF 33 o] FEeE FHAR A9
© AR AR 2R e e Ay
?:] ZFFY 71 (BONECO, SWISS)E =3 500 ml &F4
of Adsh}EF(sodium chloride) 23L& &9l %
S0+ YA AT

_:

5) LA HAL

AT HolAtt 283 vaE A g A%
of 43]o] 24 WAE A AN BAE A4

HPHC KOSHA GUIDE(H-82-2020)914 AA8H= 4
oA S o] 85ttt o] AARTHLS 4TAR U
ojx 9loH, 194 slg] #Fch H7], 224 o], 3
94 W ZHe-2 FZo)7], 494 HeE AotE &2 o]
712 13] HAF 2QA7F 28 29%o0|t}h, AT Foiz}
= 13] AAE v vtAIE 285 AJEollA oF 1
B AE FAE HI 3 A HARE ARSI
6) LR S ALt L Tt
=54 9AE Ueille 93AS= vkAE HHe
YAFs =S} AT QF9] JARSEO] H|Z A4ls AL,
AA 2 S (overall fit factor, FFA)= tha3} Zo]

www.kiha.kr

AR AH.

Fit Factor = % (1)

Co: mtA3 8HY] JAFs:
Ci: mp23 o AR

FF=—7 1 1 1 )

7 FE, | FR FF4)

(

KOSHA GUIDE(H-82-2020)9} v|=2=71#5E3]
(American National Standards Institute, ANSI) 7]
o] whap WRHAS Zho] 100 ool 4o =w wot
SFHTHANSI, 1992).

3. 84 24

Oq:rl’“oqx}«] AukA el E4

1, 3D A7f¥et gxg AHHE ol8
-4 A= A % O|F1l Qlo] Ah&gtit I
SHAR AAstG o, F AH|7He] dE2A|4 H|IE 9
&) paired t-test= éﬂlom‘:}. Y2HA4== Shapiro-
Wilk AAoNA dEHFEEE stal Qlo] 7|shE+
(geometric mean, GM)Z} 7|stEZEHXNgeometric
standard deviation, GSD)Z AA|5}HoH, dH &
5 GAE UFAS Blu= Kruskal Wallis A3 A
Alotdar, 4l 9 I3 ol dAS FEE Bl
= 7lolAlE "AAS AAselH Am £42 SPSS
(ver.21.0, IBM, New York, USA)E &85t

n.z
1. o 2
1) ORI U S
7ol AT & AE 349, B4 239

(68%) 94 11”‘(32%) | Zofsiint. E442 B
> 33+10 1A, o/d9] BatADE2 2945.7A4], A

BAABS 3247 241= YRRt
2) 3D 2712 TIX|E ZA2|HS 0|83 E= X+ Hlu!
3D 27idet yAE A2l F 7 FulE SAl0] 54
2t 1279] 3= Table 13} 2t} 3D AR S5

e UH|9] P+ EEHARE 51.174£5.79 m, E= 4
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Table 1. Comparison of face dimensions by 3D scanner and digital caliper
(Unit : mm)
o 3D Scanner Digital Caliper .
Classification n p-value
AM SD AM SD
Lip length 12 51.17 5.79 47.89 3.28 0.072
Face length 12 126.43 4.25 117.03 5.49 0.000
*Abbreviation © AM, arithmetic mean; SD, Standard deviation
P-value was calculated by paired t-test
ol& 126.43+4.25 me|lon, txE Aol & 4) JE0| e TEA S FHE H|W
UH]= 47.8943.28 m, = Zol= 117.03£5.49 m < 1367119 Y&= HAF A F w4171 st
2 Ueyth gxg AeEe} 3D AN g2 24 Sk 273 242 ALt 13442 e R URAS
4% 1719 @e s ARSIt FAES vlwstgch A4 FAL 55.22%, EXES
44.78%°19 o™, B 49.45%, 82 07.44%=
3) Mg M= S%BHI% URA ool dAEC] FET X 1‘4(Tab1e 3).

A LA 7| EHH (7] stEEHEADS  88.51
(2.98)01%10, T4 74.26(3.08), 94 128.36(2.54)
2 o9 AT BARCE %%}711 =9t
(p=0.002). E3, S5GAE LA SE Step 3(HE mn] 1.
Fo-72 £Zo]7])o] 124.54(2.90)F 7% c} =9k, Step

b) &= Z0|0f e A FAE Hlw

o] mE HF IF Zol= Fdo] 118.70+6.53
11, oJAJo] 111.6545.82 m=E YERFTHdata not
shown). HFATY] W& seal Z4o|2 E&FH AN|2Zo]

138 FF §7))0] 73.75B3.51)2 7P E2 4 & 110 mE A+ Foj#te] A= do] 7|&2 =2 2513
A4 KTable 2). S o, 4= Zo|7F 110 m U|vl FE¢ FHES
Table 2. Fit factor between exercise stage vs. gender
GM(GSD
Classification ) Total(n=134) p-value'
Male(n=91) Female(n=43)
Overall(FFa) 74.26(3.08) 128.36(2.54) 88.51(2.98) 0.002
Step 17 63.67(3.79) 100.66(2.77) 73.75(3.51) 0.060
Step 27 83.52(2.54) 150.23(2.31) 100.84(2.56) 0.000
Step 37 102.62(2.79) 187.58(2.81) 124.54(2.90) 0.001
Step 48 87.33 (3.18) 138.71(2.66) 101.31(3.06) 0.029
Abbreviation : GM, geometric mean; GSD, geometric standard deviation
"Step 1 : Bending over(50 seconds)
TStep 2 @ Talking(30 seconds)
TStep 3 @ Turning head side to side(30 seconds)
$Step 4 : Moving head up and down(39 seconds)
IP-value was calculated by Kruskal Wallis test
Table 3. Comparison of pass rates by gender
Classification n Pass(FFa>100) Fail(FFa{100) p-value’
Male 9N 45(49.45%) 46(50.55%)
0.038
Female 43 29(67.44%) 14(32.56%)
Total 134 74(55.22%) 60(44.78%)
Abbreviation : FFa, overall fit factor

"P-vale was chi-squared test
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Table 4 . Comparison of pass rates by face length

Classification n Pass (FFa>100) Fail (FFa{100) p-value”
<110 mm 24 22(91.67%) 2(8.33%)
0.000
>110 mm 110 52(47.27%) 58(52.73%)

"P-vale was chi-squared test

91.67%, 110 m °3Ql HF THAEL 47.27%2 AL
E|cKTable 4).

-

V.2 H

upAg =45 (leakage) AT YHZE Q@EE
o] AFst= ARE WolH, hd RS dE, Hj7|
Wie g oAt L5 A% AFHE FEo| vk 11
oA b daHR(face seal)7t FEES F €Y
o]tk(Bergman et al., 2014). Y= FA= vpAI
WEel 9o edEd sk HE QR UAHLE
B7¥olk=s W F stelt). oA miA= o] Eab
T AAE 9FEfetal qlom QHHR ofiha] mpAZ
oA g4 LRZ7E 100 ol dA7IEe=E
Aokl ATHOSHAct, 2021). KOSHA GUIDE(H-82-
20200901 = FFA 2 GAF RS 573
)2 WHE A 49 d&RAS 100 o, AHFY
$ 500 o= FFez skl Ut

SEESTO] U FARE A= N95 SFH
S Lee & Yang, 2002; Seo et al., 2020), A&
utAF(Han et al., 2021a) ¥ 438 #H3IatAT(Eoh
& Shin, 2020)F °l&3t A7k AP Bt St

371 F olol=E SRl ARSok=s DAT HAP|7]
= olanEd IS 77t UAE 55t Alsh=
HFAl(Condensation Nuclei Counter, CNC)9] Pota
Count(8048, TSI Inc., Shoreview, MN, USA)2} 3]€
T 2 A2 A olA ARE Alshs OPC 4ol
Aom 2 A tofA= OPC {4l Q] Pt HAP|71E A
|5kt

Eoh & Shin (2020) A7-& o|AZZIULTE 7]
7F QAo SEE= WAoE ZFo] Hol 2 AFE
Z18g5k= A+ B Zpol7t AR |

A H(foldable type) AlR|Z2E A5t UHAIS 79

227} Hlels AL B, upAT g A RAR=
AAE Zof DAAFE E3Th
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SHH, FHrRlo] W] Afo|zo| Y= mpAIE Jfdst
7] $18ll 3D ©lo|EE o83t A+t ATE Park et
al.(2021) A= 7|&9 Size KoreaollAdl Z4H A=
£ ol 457F4] WY QA4S Hlo|lgE w5t
o AR HEEA e eRtEls o] B
2] d= 59 9 AP AZto] drg= @3lo] Slth
(Kim et al., 2013; Seo et al., 2017). 184 £ o
TFolAE 2 mkATe] I7E FAHOE AFAY] I
= B BAE HA Z= Aol Yurt vk
doto], da 4 ERIE FoA 7MY Tttt F XS
HEAFHY W) v»gFAG6D A7) 2 Z7g5tod
ARSI 1 AT 3D AU E SAFS o e
yu] 9 dF Zo|7l AYuE SAFS fETG F F
2 Bt Zhuang et al.(2010)9] AFoA= 3D
2 E &8t F4%ko] AR 4% gk 2
A vetgter, Ana 3 Al 7R dEes
olsf] HH7t w4 4 YL ANYQ F, AFEE
5ol FAHS YAZ QA5 wiio] AeHHET I
A &34 & Aok sielth

2 A= AL R 27 WHutAIE o]8oto] Wt
T G7kE AAskRth AA aAS7E 100 o1dRl 4
S5 FEo=E HrletaS o, AA FEEL 55.22%,
HAdL 49.45%, AL 67.44%= APATS] NO5 bt
239 JFE 7.5% - 92.5%(Lee & Yang, 2002), H
A8 npA=9] HFE 50%Han et al., 2021b)2F FAF
Stoinh £ AtolAs 949l FEEe] FEET =4
et @do] SR TRLTl Erhe AT
(OSHRI, 2017:2019) A3elk= 2to|7} AAer. 1=yt
Eoh et al.(2016)Z} Lee & Yang(2002)9] A--oAl=
Aol 2 g 9] 2tolvt glolon, W Hdt d=
707} Z42F 118.70 mn, 111.65 m= A9 4= Zo]
7h @RS 110 moll o 77t weba] 2 AR
ARERE ukAF 9] 717} oq&ke] A=k Folof B A3
7] 2o o449 FAEC] &2 Ao=Z Azt

2 AolAs mkAE WHO) sealo] F2HHE HE ¢
ARlo] upAz 90l ARALE EX o FIAZ 4 St
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= HL 185l(Jung & Lee, 2021), ufAT Y] Y&
sealoAFE A2ZolE 7|EoR2 da Zold I
8 ¥ttt I 23, 42 Zol7t 110 m 1Tk
AE0] 110 m oY WET FooHA ko
7HARQl A5 Bl AEY ApolIA] A= 4ol Zpo]
QA Hrh Bgs] RARE o7t Qokal Ak
e Al EF, 7A=Y mpad 2R A
SEOIU & A 5 MAAGE oh FAHY] AAF A
ZF ol 7hdsbA w85kt AEste] F 43] AA|
b R FAbA A HA AARE FAEET BE
AEo] =9th Han (2004)9] AtollA= wkAA7E
AlZro]l Adeg d=9] 3 wet d=of gk
o] A KBS stiA A& WEY 5o 52

4

¢

vpRelsie WESE A R4l B 47 e Aow
Faolgon], & ATE vpAaE wAEH g A4

o]
T ANEAA G 7HE AR HoHrh E3
YR GAF A| = WA AASE FeF w8 39| 3H4
Eo| o &4 yetdthy 2= o lee & Yang,
2002; Seo et al.,2021), & AFoAE= upATIE WA
SHA| 43l &0 7 AIFEE AAFY] wiiEo] ZFAo

2 wasrle ogt Wetd AXglsel w8o) av

2 As Astt Biet o], 23 HFl npAIE o
Aog WA HARE AASHou ARl oful=
ol FEE AARE T 4 9len, o FRo nAaE
Fo= PPk ARMHo] it ERF #iEo| =
20~30t Aol 3= o] qlo] vt d= A&
HHdskA] Z37] wiZel % A5l © 98T ZoE
AleEch 2y 23 oA a0 AR
Qls Dat= FrP7F A-8d 4 AT iR A3t
7} “Fail"o] U= Zlolu, 50% ©ld2] “Pass” 2x7}
Ug] gi&o] B A7 25 WAutATo] gt 2
2t HAPE E7Fse A2 oid=hal wekelth 2
& AT E ggeE RS FURRE A=
KF80 utAT KTt KF94 wpAd 2k2 A] WRE7) o
Soked, o 2 A7Ees 7 "He e
IEATLE QIR YR go] Frtste] d= AvWS
ol B B2 371Fe] A7) WiEY = ATk 5k3
(Jung & Lee, 2021). T3t HSEAA = 20 25 1
ZupAT o) siF== FFP1Y] WA Ao dfgh Uzt
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ASE 100 ooz Hysta glouz 2d W3l ut
230 tigt 92T AAE 7R F & AoE F
S5t ety FE ot ARAPE 27 BHnkAR
g QrHT7]9] BxE gt 71l A7t € g3t

B ATE AR o] UAE AAPEOR 23
kAT BAYES B o] Rsg Bl
3DAAIS CAY B ol8ste] U2
J WAASE Bk

9] o= 10 m =po]7} it

2. o] 2 LA YA SE Step 3914
UHA|R7F 124.542 7P A YERRAL, Step 1014]
D2HA7} 73,752 71 @kt

3. Addo] M2 Wz Y o] Yrk= oA9] A E0]
67.44%2 FAET FUTt.

4. 4= Zol7} 110 m u¥kl IF9 $HAE0]
91.67%, 110 m o441 159 F§AEo] 47.27%=
1337 e=

5. FFP1°) sfd== 24 WZatAd 2 AlHe g3t
ATE 55% ol FAstgong dAE HAPt 7hs
Cli=g

AEAHO R 24 WIupAT o it W2 AAL 7
& Aog FEEY, U Ao JFS vAl=
=370 9= wpAF 2Rgo] Fasitt.

A 2

o] A7= GEfeAmtEre} deddistal A4 2

A ARARIS) AL Uske

rll
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